The process of mitosis and the mitotic chromosomes are known to be affected by ionising and non-ionising radiations (Sax 1941 , Evans 1962 , Amer and Mikhael 1972 , Sharma and Singh 1974, a wide range of chemicals including growth substances, insectisides , herbicides and fungicides (Doxey 1949, Prasad and Das 1977) and magnetic field (Goswami 1977) . The present paper deals with the effect of electric field on the process of somatic cell division.
Materials and methods
Seeds of Allium cepa L. were grown in petridishes on moist filter papers and those with approximately 5mm long and straight radicles were selected. A pair of equal sized plastic petriplates was taken. The lower half was lined with moist cotton, sufficient to keep the chamber humid. It was covered with a cellophane sheet which had several small perforations at regular intervals. The germinating Allium seeds were arranged on this sheet such that their radicles penetrated vertically downwards through the perforations. This was covered by the other petriplate. Two thin metallic sheets were tightly fixed by cellophane tape on the top and bottom of this arrangement (Fig. 1) .
A uniform electric field was generated by joining these two metallic sheets with the two terminals of D.C. power supply. The intensity of this electric field was regulated by regulating the potential difference between the two points. The experiment was set at 8a.m. in the morn ing and continued for 2 hours. After the treatment the root tips were collected and fixed in 1:3 acetoalcohol with traces of ferric chloride for 24 hours and preserved in 70% ethanol. Observations were made from acetocarmine squash preparations. Photomicrographs were taken from the temporary slides which were later made permanent.
Results
The mitotic indices, the frequencies of cells at different karyokinetic stages as well as the frequencies of cells showing different types of chromosomal aberrations at each of these stages are presented in the Table. The mitotic index was 10.8 in control, 10.6 in the first treatment and 11.1 in the second treatment. Cells under the process of division during the treatments showed various abnor malities. The spindle organisation was conspicuously disturbed at metaphase. Almost 88 of the metaphases studied showed that the chromosomes failed to arrange their kinetochores on the metaphase plate resulting in unoriented fibrillar structures of the spindles (Fig. 2) .
Although, chromosomal fragmentation occurred at metaphase also, this effect was more pronounce at anaphase (Figs. 3, 4) . Fragments were often accompanied by one or more bridges (Fig. 5) . A high frequency of laggards was also found at this stage (Figs. 6, 7, 8) . Besides, certain other abnormalities, viz, loops (Figs. 9, 10 ), dicentric rings (Fig. 11 ) and eroded chromosomes (Fig. 12) were also observed in few cells.
Micronuclei were observed at telophase.
Discussion
The disturbances in the spindle organisation in this experiment seem to result from the interaction between the indigenous cell polarity and the exotic polarity which is produced by the potential difference across the root meristems. Wada (1977) concluded that the direction of the spindle axis and the formation of mitotic spindles are influenced by the native polarity of the cell. Through its influence upon the cell polarity, the electric field might interfere with the formation and/or arrangement of the spindle fibres ultimately leading to disturbed metaphase plate and unoriented chromosomes.
The chromosomal breaks have hitherto been induced in a variety of species by various treatments which can be broadly divided into two categories, viz, radiation induced chromosomal breaks and chemically induced chromosomal breaks. However, the exact mechanism of the breakage still remains a matter of dispute.
The high energy radiations are believed to cause breaks in chromosomes through ioni zation of molecules either by direct attack on the structure of DNA or protein framework or indirectly producing highly reactive free radicals in the surrounding medium. The less energetic radiations mainly affect the C5-C6 double bonds of the pyrimidines of the DNA forming reversi ble hydrates or irreversible dimers.
The various chemicals may affect the sulfhydryl group of protein (Dustin 1947 , 1949 , Auerbach 1952 ; may act through the disruption of the hydrogen bonds of nucleic acids (Am brose and Gopal Ayenger 1952 , Butler 1954 ; may disturb the oxidation-reduction system within the nucleus (Levan and Tjio 1948) or may create a disturbance in nucleic acid metabolism re sulting in chromosomal breaks (Sharma and Sharma 1960) .
The mechanism of chromosomal breaks induced by electric field seems to be different from any of those induced by radiations or chemicals. It may be possible that the strong potential difference across the root meristems in this experiment interferes with the level of electrical transmembrane potential of the cells which in turn may alter the ionic strength inside the cell leading to a disturbance in cell metabolism and consequently disrupting the DNA structure. In this process of disruption the change undergone by the DNA molecules may not be uniform through out the chromosome length hence certain segments appear as eroded areas (Sharma and Sharma 1960) .
The bridges occurring in the cells may be sticky bridges or they may be formed by breakage and fusion of chromosomes or chromatids depending upon the stage of the cell cycle at which fragmentation takes place. Chromatid bridges may occur if two sister chromatids of a broken chromosome undergo fusion. Breakage and reunion in two adjacent chromatids of different chromosomes may also lead to the formation of chromatid bridges if both the centromeres move to the opposite poles and loops if they move to the same pole. Breaks and reunion of sister chromatids in both the arms of the same chromosome may form a dicentric ring.
Summary
Germinating seedlings of Allium cepa L. were exposed to varying intensities of electrical field, for two hours in the morning and its effect on mitosis has been studied. Electric field was found to disturb the spindle organisation so that the chromosomes failed to arrange themselves on the metaphase plate. It also induced chromosomal breaks which resulted in the formation of fragments, bridges, loops, dicentric ring and eroded chromosomes at anaphase.
Micronuclei were also observed at telophase.
